In 2007 The Netherlands Association for Cardio-Thoracic Surgery (Nederlandse Vereniging voor Thoraxchirurgie, NVT) instituted the Adult Cardiac Surgery Database. The dataset comprises demographic factors, type of intervention, in-hospital mortality and 18 risk factors for mortality after cardiac surgery, according to the European System for Cardiac Operative Risk Evaluation definitions. Currently, this procedural database contains over 60 000 interventions. Completeness of data is excellent and national coverage of all 16 Dutch cardio-thoracic surgery centres has been achieved since the start. The primary goal of the database is to control and maintain the quality of care by evaluation of outcomes. This is accomplished by regular feedback and comparison of outcomes. For a subset of the database (procedures from 10 out of 16 centres) longer-term follow-up has been established by means of data linkage to two national registries. This provides information on survival status, causes of death and readmissions. The database has recently been used for research, resulting in methodological papers aimed at optimizing comparison of outcomes. In future, clinical issues will also be addressed, for example survival after coronary artery bypass grafting and valve surgery.
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Data Resource basics
Background of the database Cardiac surgery has a long tradition of outcomes evaluation. Since the public release of cardiac surgery mortality rates in the US mid-80s, many efforts have been made to allow and improve the comparison of outcomes. 1 In the following years, local as well as national databases were established and many risk models were developed. [2] [3] [4] [5] In The Netherlands, since 1995 cardiac interventions, both surgical and catheter based, have been registered by an umbrella foundation set up by cardiologists, paediatric cardiologists, cardiac anaesthesiologists and cardiac surgeons, called the Supervisory Committee for Cardiac Interventions in The Netherlands (Begeleidingscommissie Hartinterventies Nederland, BHN). Demographic details and the type of intervention were registered. However, the register appeared to be insufficient to allow the monitoring and evaluation of outcomes. This became evident in 2005, when the media reported that mortality rates in one of the 16 cardiothoracic surgery hospitals in The Netherlands was twice as high as in other clinics. External investigations indicated that this could have been detected a year earlier if the national database would have been more complete. The hospital was temporarily not allowed to perform adult cardiac surgery, until the department was reorganized. This event strengthened the belief among members of The Netherlands Association for Cardio-Thoracic Surgery (NVT) that it is a societal responsibility to ensure the safety of cardiac surgery in The Netherlands. The NVT subsequently established a database which, in addition to demographic factors and type of intervention, also includes in-hospital mortality and risk factors for mortality after cardiac surgery. Participation was made compulsory by societal decree. The goal of this database was to evaluate risk-adjusted mortality rates and monitor safety as an elementary component of the quality of care. An outline of the database is provided in Box 1.
Data Resource area and population coverage
The prospective database includes all adult cardiac surgery procedures in all 16 cardiothoracic surgery centres in The Netherlands since 1 January 2007 onwards. Procedures were included in the database if open heart surgery was performed in a patient of 18 years or older. Open heart surgery is defined by a surgical intervention to the heart with opening of the pericardium. The baseline data are collected prospectively during hospital stay. Patient characteristics and risk factors for mortality after cardiac surgery are shown in Table 1 . The interventions that were included in this database are shown in Table 2 . The majority of interventions involved coronary artery bypass grafting (69.4%) and, in over one-third of the cases, valve surgery (38.8%).
Data are collected at the participating centres ( Figure 1 ). Some centres have chosen to employ data managers, whereas others rely on the surgeons to do the administrative work. Every 3 months anonymized data are sent to the Department of Clinical Informatics at the Academic Medical Center in 
Survey frequency
If a surgical procedure is registered in the database, the patient is followed for the duration of the hospital stay. After surgery, intervention-related information is collected and survival status is recorded upon discharge. Information on mortality after discharge is not routinely collected by the centres. To obtain reliable information on survival status after discharge, survival information is obtained from two national registries.
The first follow-up took place in 2012. Ten out of the 16 participating centres agreed to participate in the linkage to the Dutch Population Registry (PR) and subsequently to two other national registries, which were made available by Statistics Netherlands (CBS): the Cause of Death Registry and the Hospital Discharge Registry (HDR).
6-8 The former contains information on survival status and cause of death of all Dutch residents and is extracted from the municipal registries. Currently the Cause of Death Registry is completed up to 2011. This means that a minimum follow-up of 1 year was achieved for all procedures performed up to 2010 in 10 out of 16 hospitals.
Using the details on hospital admissions, we aimed to determine hospital mortality after transfer from the primary centre (where surgery was performed), readmission rates and causes for readmission. To obtain information on readmissions after discharge, data from the HDR were used. 7 The HDR contains information on hospital admissions of a vast majority of the hospitals in The Netherlands. 9, 10 Currently the registry is completed up to 2010. This means that follow-up data on hospital readmissions A structured periodical follow-up to attain information on readmissions and survival status of the patients through linkage of national registries is desired. However, a protocol for the frequency and methods of follow-up has not been established yet. The goal is to accomplish this in the near future.
The Adult Cardiac Surgery Database is a procedural database. This means one person can be included multiple times in case of cardiac reoperations. Because all data are anonymized, analyses could only be performed on the procedural level. For the follow-up study, CBS matched all procedures in the database to a personal record in the municipal registries, after which the database could be linked to Hospital Discharge Registry and the Cause of Death Registry. To maintain consistency of methods, analyses were continued on the procedural level. As a consequence, on the rare occasion that a patient died after multiple operations in a short period of time, mortality might be counted multiple times. Considering the fact that only 620 procedures (1.9%) were performed in patients who were already in the database, this issue is not likely to have influenced our results.
Measures
Baseline data Upon inclusion in the database, administrative and demographic variables are recorded: date of acceptance for surgery, hospital name, sex, postal code, date of birth and age. Preoperatively, variables from the European System for Cardiac Operative Risk Evaluation (EuroSCORE) risk model and additional risk factors are measured: age, sex, chronic pulmonary disease, extracardiac arteriopathy, neurological dysfunction, previous cardiac surgery, serum creatinine 4200 mmol/l, active endocarditis, critical preoperative state, unstable angina, left ventricular (LV) dysfunction (moderate or poor), recent myocardial infarction, pulmonary hypertension, emergency intervention, other than isolated coronary artery bypass graft (CABG), surgery on thoracic aorta, postinfarction septal rupture. 3 Variables on previous cardiac interventions include a history of percutaneous catheter interventions (PCI) of the coronary arteries, coronary artery surgery, valve surgery, surgery on the aorta or other cardiac surgery.
After surgery the following information is collected (if applicable): the type of bypass graft used (arterial, venous or other) and the number of anastomoses; specification of the valve (aortic, mitral, pulmonary, tricuspid) and the type of valve surgery (repair, stentless bio-prosthesis, stented bio-prosthesis, mechanical prosthesis, homograft, autograft or other); specification of (concomitant) aortic surgery type (ascending aorta, arch or descending aorta); and other cardiac surgery types (left ventricular aneurysm correction, ventricular septal rupture, heart transplantation, surgery for cardiac rhythm disturbances, unspecified other cardiac surgery). Figure 2 illustrates the distribution of the types of intervention, types of grafts and position of valves operated on in the database. Finally, in-hospital mortality including mortality date is recorded in Table 2 , specified for each type of intervention. The hospital mortality rate in the entire database was 3.0%.
The EuroSCORE risk model
The NVT applies the definitions of risk factors for mortality used by the EuroSCORE. 3 This is the most commonly used model in The Netherlands and Europe to predict the risk of mortality after cardiac surgery and it is an internationally accepted tool for benchmarking. 3 The use of such a widely known model has several advantages. Firstly, it maximizes the uniformity of data. Secondly, it enables merger or comparison with data from other parts of the world. The score is calculated using 18 patient characteristics and intervention-related variables. For example, a patient with a poor left ventricular function and pulmonary hypertension will have a high EuroSCORE, which corresponds to a high mortality risk. This allows outcomes to be corrected for the a priori risk of mortality (i.e. the expected mortality). The mean and median EuroSCORE for the entire database are 7.3% and 4.0%, respectively. For most procedures in the database (59.3%) a logistic EuroSCORE below 5% (Figure 3) 11 up to three secondary causes of death according to ICD-10, location of death (hospital/institution or at home, type of hospital/institution). 8 Results of the first linkage to the Cause of Death Registry are shown in Table 3 .
Readmissions. From the Hospital Discharge Registry the following information was extracted: hospital where patient was admitted during follow-up, date and time of hospital admission, insurance, reason for admission, urgency of admission, date and time of discharge, destination after discharge, primary diagnosis according to the Ninth Revision of the International Classification of Diseases (ICD-9) 11 , primary intervention, primary department admitted to. 8 Results of the linkage to the Hospital Discharge Registry are shown in Table 4 .
Audit
In 2009 an audit committee was installed by the NVT to obtain insight into the process of data collection in participating centres, and completeness, uniformity and reliability of collected data. Five centres volunteered to participate in pilot audits that took place in 2010. During on-site visits the audit committee evaluated through a standardized interview the process of data collection. Additionally a random sample of 2.5% of surgical procedures from 1.5-0.5 year preceding the audit were audited through renewed collection of data by the auditors and matching of data from the national database. The audit committee concluded that an increased awareness of the process of data collection and management was achieved, and initiatives to improve this process were stimulated. A new cycle of audits was proposed.
Data Resource use
The initial purpose of the database was to monitor and maintain the quality of care by evaluation of outcome parameters. This has been accomplished by regular discussion of results in confidentiality: mortality rates of the participating centres are reported to the corresponding delegate in the Data Registration Committee, along with the national results and anonymous results of all peers. Recently the possibility to use the database also for research has been exploited. To serve the initial purpose of the database, research was first aimed at optimizing the methodological issues regarding comparison of outcomes and benchmarking. This resulted in several methodological papers. [12] [13] [14] The first study showed that ranking lists are an imprecise statistical method to report cardiac surgery mortality rates and prone to random fluctuation. Therefore, ranking lists should not be used and comparison against a benchmark is recommended instead. 12 A second study showed that benchmarking based on risk-adjusted mortality rates can be manipulated by misclassification of risk factors. Limited upcoding of multiple risk factors in high risk patients can greatly influence benchmarking. Therefore, the prevalence of all risk factors should be carefully monitored. 13 For this purpose statistical process control in the form of Shewhart control charts, exponentially-weighted moving average (EWMA) charts and cumulative sum (CUSUM) charts can be used. 15 The most recent study showed that the course of early mortality after cardiac surgery differs across interventions and continues up to approximately 120 days. As a consequence, follow-up should be prolonged to capture early mortality of all types of interventions (data not published). In the near future, clinical issues will be addressed as well. The database will be used to investigate the survival after CABG and valvular surgery.
Strengths and weaknesses
Nation-wide participation and completeness of data The main strength of this database is that interventions from all hospitals in The Netherlands are included and completeness of data is very high (99% of the data are complete). This ensures complete coverage of all cardiac surgery procedures in a country. In other countries we have seen organizations struggling to achieve this. [16] [17] [18] Often, participation cannot be made compulsory for all hospitals and particularly private hospitals do not contribute data. The first follow-up could only be performed in a subset of the database. Centres were requested to send the full 6-digit zip code of all patients operated since 2007 to the national database. We expected this to be the major reason for non-participation in the follow-up. Since 1 January 2012 the full zip code has been collected upon inclusion in the database, thereby eliminating this issue.
Quarterly meetings of the Data Registration Committee provide the opportunity to give feedback on the quality of the data, so that centres can (re-) submit missing or incorrect information. However, the largest advantage of these frequent meetings is that results and trends are analysed and discussed. Because the exact methods to analyse and publish the risk-adjusted outcomes have not been fully developed, the process is currently performed in a confidential environment.
Completeness of follow-up and data accuracy One of the challenges this database faces is a structured follow-up protocol. Ideally, the linkage to the national registries would be performed systematically after a predefined period. Completeness of follow-up depends on the completeness of the national registries and the sensitivity of the matching procedure (using date of birth, sex and zip code). Fortunately, 97.3% of 19 This is likely to have led to an underestimation of readmission rates. Despite this shortcoming, the HDR has proven to be a valuable tool for the follow-up of a large number of procedures such as in a national database. Another challenge to the adult cardiac surgery database, as to all other large databases, is to ensure data accuracy. Efforts in this area include the quarterly meetings, the audits and verification of mortality using the national registries.
Data Resource access
Collaboration with other large databases on cardiac surgery is encouraged. Some hospitals in The Netherlands have participated in the database of the European Association for Cardio-Thoracic Surgery (EACTS). Data supplied to the EACTS as well as the NVT database remain the property of the original data owner (being the hospitals). All decisions regarding the data (including data sharing) are taken by the individual centres, assembled in the Data Registration Committee. Interested researchers and directors can visit www.nvtnet.nl for more information on the database and contact the Netherlands Association for Cardio-Thoracic Surgery at secretariaat@nvtnet.nl to submit proposals for collaboration. Variable lists are available upon request.
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